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 The yeast vacuolar membrane H+-ATPase (V-ATPase) is the first member of “vacuolar type” 
ATPase family that has been successively identified in various endocytic and exocytic membrane 
compartments of eukaryotic cells. The V-ATPase is a multisubunit complex composed of an integral 
membrane Vo sector and a peripherally associated V1 sector, the two of which are joined together 
with the V1-Vo bridging component. Upon ATP hydorolysis, the enzyme induces an inward current 
of 100 pA and generates the proton motive force of 180 mV, interior acidic and inside positive, across 
the vacuolar membrane. The V-ATPase family performs diverse cellular functions and maintains 
pH and cation homeostasis in the lumens of organelles, in the cytosol and even in the extracellular 
milieu. The importance of being acid in these cellular compartments has been highlighted in 
various cellular events such as vegetative growth, cell transformation, differentiation, 
metamorphosis and apoptosis. 
 
Key Words?Yeast, Vacuole, Acidic Compartment, Digestive Compartment, ATPase, Proton Pump, 
















                                                   






?????????Kakinuma, et al.????????????????????A1-????ATPase ??
????( Km = 0.2 mM)????????????????????????p = 180 mV ; 1.7 pH units 























?????? (cls ??????)?vma???????vacuolar membrane ATPase???????????
?????11,12)??????vma???V-ATPase??????????????????????????

















? VMA1?????15??Vma1p????69 kDa??????????Vma2p16,17??60 kDa???????
?????????????????? 3??????3???ATP???????????????????
??????????????????????????? 4?????????????Vma13p, Vma5p, 
Vma8p,Vma4p?? 1?????????????????????????? 


















??????????????????Vma3p: Vma11p: Vma16p =4~3:1:1~2?????????????
???????????25,26)? 
? 13 kDa Vma10p27? ????????????????????????V1??????????????
100 kDa Vph1p 28)? 840???????????????????????????6?????????
















?????????????25 kDa Vma12p?????????????????32??Endoplasmic 
reticulum (ER)???????? 21 kDa Vma22p 33)??????ER???Vph1p-Vma3p-Vma11p-Vma16p-Vma6p
???????????????????????34?? 
? ??? 155 kDa Vma14p (Y Anraku et. al.,???)???ER???? 8.5 kDa Vma21p 35) ??????
??????????? 60 kDa Vma15p (Y Anraku et.al.,???)??CDC55?????????????
















Micrographic view of giant cells of
Saccharomyces cerevisiae
A, a differential interference 
contrast (DIC) image of 
giant cells (YPH500).
B, a magnified image of the 
area specified with the 
rectangular frame in A.
C, a DIC image overlaid with a 
fluorescent image of 
CDCFDA-stained giant cell.
D, a phase contrast image of 
vacuoles isolated from the 
giant cells by osmotic 
shock.







? ????????pH 5.5??????????????????????pH 7.5???????????
????????????1 mM ATP???????100 pA?????????????????????
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The effect of ATP concentration
A, ATP-induced inward 
current w ith 
YPH500 vacuoles
B, Double- reciprocal 























Vacuole as a acidic and storage 
compartment
1, Localization of ade fluorescent in vacuoles.








Vacuole as a digestive compartment
A, Morphological changes of vacuoles in a vacuolar protease-defective mutant
cell; a, Starvation at 0 hr; b, 1 hr; c, 2 hr; d,3 hr.   B, Electron micrographic
image of the vacuole after 3 hr starvation. Arrow, autophagic body (AB); 





???? AB; ?????????? 





















Abbreviations : ZW3-14, N-tetradecyl-N,N’-dimethyl-3-ammonio-1-propane sulfonate; DCCD, 
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